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(S) Trocar having transparent cannula 

(57) A trocar having a trocar obturator (20) and a 
trocar cannula (50). The trocar cannula has a 
cannula tube (80) mounted in a cannula handle 
(55), wherein the cannula has an interior pas- 
sage therethrough. The interior of the trocar 
cannula is visible through the trocar cannula. 
The trocar obturator is housed in the trocar 
cannula for insertion into a body cavity. When 
used in an endoscopic surgical procedure on a 
mammal, such that the trocar cannula is inser- 
ted into a body cavity and serves as a passage- 
way to and from the body cavity, the interior of 
the trocar cannula is visible through the can- 
nula so that the passage of instruments, sut- 
ures, staples, surgical tissue samples, eta, into 
and out of the mammalian body cavity through 
the cannula can be observed by a surgeon 
during an endoscopic procedure by observing 
the interior of the cannula at a point exterior to 
the cannula by looking through the cannula 
either directly or by using an endoscope. 
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Technical Field 

The field of art to which this invention relates is 
endoscopic surgery, in particular, trocars having can- 
nulas for use in endoscopic surgical procedures. 

Background of the Invention 

The use of endoscopic procedures in surgery has 
become widely accepted. The term endoscopic as 
used herein is defined to include laparoscopic and ar- 
throscopic. Numerous endoscopic instruments have 
been developed which allow the surgeon to perform 
complex surgical procedures with minimal incisions 
into the skin and tissue surrounding a particular body 
cavity. In order to introduce the endoscopic instru- 
mentation into the body cavity, it is first necessary to 
puncture and cannulate the body cavity by using a 
trocar. Trocars are widely known in the art and typi- 
cally consist of an obturator and a trocar cannula. Tro- 
cars may have a protective housing around the obtur- 
ator which covers the sharp piercing tip of the obtur- 
ator prior to and after insertion, and also after removal 
of the obturator and trocar cannula. 

One type of trocar is typically inserted by press- 
ing the distal end of the trocar assembly against the 
outer skin of the patient with sufficient force to cause 
the piercing end of the obturator to pierce through the 
skin, underlying fat, muscle and fascia into the body 
cavity. Once the surgeon has properly positioned the 
trocar within the body cavity, the obturator and pro- 
tective housing are removed, and the trocar cannula 
is then available as a pathway, e.g., for insertion of 
endoscopic instrumentation. 

Conventionally, trocar cannulas typically consist 
of a distal cannula tube and a proximal cannula han- 
dle. The cannula tube is inserted into a patient along 
with the obturator, while the proximal handle of the 
trocar cannula typically remains outside of the pa- 
tient Trocar cannula handles typically contain a 
spring-loaded flapper-type valve which seals the 
proximal opening of the trocar cannula, thereby allow- 
ing the patient's body cavity to remain insufflated with 
a gas by preventing the gas from escaping through 
the trocar cannula. The trocar cannula handle typical- 
ly has an exterior control lever to manually control the 
position of the flapper valve and to indicate the pos- 
ition of the flapper valve. 

As technical know-how is developed, there have 
been improvements made in the design and con- 
struction of trocar cannulas, and surgical techniques 
involving the use of trocar cannulas in endoscopic 
procedures have likewise progressed; however, there 
are deficiencies associated with the use of conven- 
tional trocars. In particular, conventional trocar can- 
nulas are made of opaque materials. During an endo- 
scopic surgical procedure, the surgeon has a relative- 
ly good view of the targeted surgical site through the 



use of an endoscope. However, there is one part of 
an endoscopic surgical procedure which cannot be 
viewed. Specifically, the insertion of surgical instru- 
ments, needles, clips, eta through the trocar cannula 
5 cannot be observed, since as mentioned previously, 
conventional trocar cannulas are opaque. Similarly, 
the withdrawal of the instruments, needles, clips, 
etc., 

In addition, it is typical in many endoscopic pro- 

10 cedures to remove a tissue specimen from a body 
cavity through a trocar. Once again, the surgeon los- 
es visual contact with the tissue from the time it enters 
the distal end of the trocar cannula tube in the body 
cavity until it exit the proximal end of the trocar can- 
ts nula handle. 

Also, it is not uncommon for a surgeon to lose a 
needle or a staple within a patient during surgery. 
This often necessitates a search within the patient for 
the missing object, prolonging the operative proce- 

20 dure and subjecting the patient to additional risk. Dur- 
ing an endoscopic procedure, needles or staples may 
be accidentiy lodged in a trocar cannula tube or the 
trocar cannula handle. Since conventional trocar can- 
nulas are opaque, the surgeon may not realize that 

25 the needle or staple has become lodged in the trocar 
cannula and may search the patient's body cavity in 
an attempt to retrieve the missing needle or staple. 
Such a search, although necessary, constitutes a 
needless risk to the patient 

30 Additionally, delicate surgical instruments may 

be damaged during insertion into or removal from a 
trocar cannula if appropriate care is not taken. It is 
possible for an instrument to be hung-up and possibly 
damaged in the trocar cannula handle as the surgeon 

35 attempts to maneuver the instrument around the flap- 
per valve and through the trocar handle and into the 
proximal opening of the trocar cannula tube. Since 
the handles of conventional trocar cannulas are opa- 
que, this must be done by feel. This deficiency is par- 

40 ticularly evident when the surgeon attempts to insert 
a small diameter instrument through a relatively larg- 
er diameter trocar cannula. 

Similarly, when attempting to remove tissue spe- 
cimens through a trocar cannula from a body cavity, 

45 it is possible that the surgeon may cause the tissue 
specimens to be damaged, or the tissue specimens 
may be disengaged from extraction instruments and 
released within the trocar cannula, or lodged within 
the trocar cannula tube or handle, or even fall back 

so into the body cavity. This is further exacerbated by 
the fact that the surgeon cannot observe the speci- 
men from the time it enters the distal end of the trocar 
cannula tube until it is withdrawn from the proximal 
end of the trocar cannula handle. 

55 There are yet additional deficiencies associated 

with the use of trocar cannulas relating to the flapper 
valve. Most endoscopic surgical procedures require 
that the patient* s body cavity be insufflated to provide 
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Disclosure of the Invention 

Accordingly, it is an object of the present inven- 
tion to provide a trocar cannula for use in endoscopic 
surgical procedures, and a method of using such a 
trocar cannula. 

Yet another object of the present invention is to 
provide a trocar, comprising a trocar obturator and tro- 
car cannula assembly, for use in endoscopic surgical 
procedures and a method of using such a trocar. 

It is a further object of the present invention to 
provide a trocar cannula having a trocar cannula tube 
and of the trocar cannula is visible through the trocar 
cannula. 

It is yet a further object of the present invention 
to provide methods of performing an endoscopic sur- 
gical procedure using a trocar and a trocar cannula of 
the present invention. 

Accordingly, a trocar cannula is provided having 



an interior visible through the exterior of the trocar 
cannula. The trocar cannula comprises an elongate 
cannula tube having a distal end and a proximal end, 
and a cannula handle. The proximal end of the tube 
is mounted in the handle. The cannula has a passage 
therethrough. The cannula may receive an elongate 
trocar obturator having a tip at its distal end for inser- 
tion into a body cavity. After insertion into a body cav- 
ity, the trocar cannula provides a pathway allowing 
access through the trocar cannula to and from the 
body cavity. The interior of the trocar cannula is visi- 
ble to an observer when viewed through the exterior 
of the trocar cannula. 

Another aspect of the present invention is a tro- 
car having a trocar cannula wherein the interior of the 
trocar cannula is visible through the trocar cannula. 
The trocar comprises an elongate trocar obturator op- 
tionally having a piercing tip at its distal end, and an 
elongate trocar cannula in which the trocar obturator 
is concentrically housed. An optional protective tube 
is slideably mounted around the trocar obturator, 
movable between an extended position and a retract- 
ed position, the protective tube being disposed con- 
centrically around the obturator. There is a biasing 
means acting on the distal end of the extended pos- 
ition to cover the piercing tip. The trocar cannula com- 
prises an elongate cannula tube and a cannula han- 
dle. The tube has a proximal end and a distal end, the 
proximal end being mounted in the handle. The inter- 
ior of the trocar cannula tube and cannula handle is 
visible when viewed through the trocar cannula. 

Yet another aspect of the present invention is a 
method of performing an endoscopic surgical proce- 
dure using a trocar cannula of the present invention. 
The method comprises inserting at least one trocar 
cannula into a mammalian body cavity. The trocar 
cannula used in this method has an elongate trocar 
cannula tube and a trocar cannula handle. The can- 
nula tube has a distal end and a proximal end, the 
proximal end being mounted in the handle. The inter- 
ior of the trocar cannula is visible to an observer view- 
ing through the exterior of the trocar cannula. Then, 
after inserting the trocar cannula, using the trocar 
cannula as a pathway to the body cavity for perform- 
45 ing a surgical procedure, and observing the interior of 
the trocar cannula during at least part of the proce- 
dure. 

Yet another aspect of the present invention is a 
method of performing an endoscopic surgical proce- 
ss dure using a trocar and trocar cannula of the present 
invention. The method comprises inserting at least 
one trocar into a body cavity of a mammal wherein the 
trocar comprises an elongate trocar obturator housed 
in a trocar cannula. The trocar cannula used in this 
55 method has an elongate trocar cannula tube and a 
trocar cannula handle. The trocar cannula comprises 
a tube having a proximal and a distal end, and a han- 
dle. The proximal end is mounted visible to an obser- 



suff icient room to maneuver endoscopic instruments. 
This is typically done by pressurizing the patient's 
body cavity with a source of pressurized, sterile gas, 
e.g., carbon dioxide. This gas is prevented from es- 
caping through trocar cannulas the by the previously s 
mentioned flapper valves and also by gaskets, con- 
ventionally contained in trocar cannulas, which en- 
gage the outer surfaces of instruments inserted 
through the trocar cannulas, thereby providing gas- 
tight seals. However, a slight displacement of a flap- to 
per valve in a trocar cannula handle from a fully seat- 
ed position may be sufficient to cause a gas leak 
which may result in a rapid volumetric loss of gas from 
the patient's body cavity. The exact position of the 
flapper valve in a conventional trocar cannula is not is 
immediately ascertainable by the surgeon, making it 
more difficult to take immediate action to remedy a 
gas leak. Rapper valve position indicators are con- 
ventionally displacement It is possible to have a slight 
flapper valve displacement sufficient to allow gas to 20 
escape even though the indicator shows that the 
valve is in a closed position. The displacement may be 
caused, unknown to the surgeon, by a piece of tissue, 
or a needle, or a staple being hung-up in the flapper 
valve assembly. Since the surgeon cannot see the 25 
cause of the problem, remediation is difficult and, 
once again, this introduces an additional, unneces- 
sary risk to the patient For example, the surgeon, 
when confronted with a gas leak through the trocar 
cannula, may be forced to remove the trocar cannula 30 
from the body cavity and insert a replacement again 
introducing another element of risk to the patient 

Therefore, what is needed in this field are trocar 
cannulas which overcome the deficiencies associat- 
ed with conventional trocars. What is also needed is 35 
a method of performing an endoscopic surgical pro- 
cedure which overcomes the deficiencies associated 
with the use of conventional trocar cannulas. 
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ver viewing through the exterior of the trocar cannula. 
Then, after inserting the trocar, removing the obtura- 
tor from the trocar cannula and using the trocar can- 
nula as a pathway to and from the body cavity for per- 
forming a surgical procedure, and observing the in- 
terior of the trocar cannula during at least part of the 
procedure. 

Yet another aspect of the present invention is a 
method of using the above-described trocar and a 
method of using the above-described trocar cannula. 

Other features and advantages of the invention 
will become more apparent from the following de- 
scription and accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 is a perspective view of an embodiment of 
a trocar of the present invention. 

FIG. 2 is a plan view of a trocar obturator and tro- 
car cannula of the present invention. 

FIG. 3 is a perspective view of a trocar cannula of 
the present invention. 

FIG. 4 is an enlarged, partial perspective of the 
distal end of the trocar cannula handle. 

FIG. 5 illustrates a trocar cannula of the present 
invention inserted into a body cavity of a mammal af- 
ter removal of the trocar obturator, and prior to inser- 
tion of an endoscopic suture and needle held by a 
needle grasper. 

FIG. 6 illustrates a surgical instrument placed 
through the trocar cannula into a body cavity and visi- 
ble through the trocar cannula tube and trocar cannu- 
la handle. 

FIG. 7 illustrates a trocar cannula of the present 
invention inserted through the abdominal wall of a 
mammal, and further illustrates the interior of the tro- 
car cannula handle as a surgical instrument is man- 
euvered therethrough. 

FIG. 8 is a perspective view of an alternate em- 
bodiment of a trocar obturator and trocar cannula as- 
sembly of the present invention. 

FIG. 9 is a plan view of the trocar obturator and 
trocar cannula of FIG. 8. 

Best Mode for Carrying Out the Invention 

The disclosure of U.S. Patent No. 5,066,288 is in- 
corporated by reference. 

A trocar 10 of the present invention is shown in 
FIG. 1 and FIG. 2. Trocar 10 is seen to have trocar 
cannula 50 and trocar obturator 20. The trocar obtur- 
ator 20 can be seen through the trocar cannula 50. 

Referring to FIGS. 1, 2 and 3, trocar cannula 50 
is seen to have trocar cannula tube 80 and trocar can- 
nula handle 55. Trocar cannula 50 has passageway 
51 therethrough for receiving various members such 
as trocar obturators, conventional surgical instru- 
ments and the like. Trocar cannula tube 80 is an elon- 



gate tube having open distal end 85 and open proxi- 
mal end 90. Proximal end Trocar cannula handle 55 
has hollow housing 60. In the distal end of housing 60, 
there is annular groove 91 for receiving flange 92 of 

5 trocar cannula tube 80. Housing 60 has distal aper- 
ture 62 for receiving proximal end 90 of trocar cannula 
tube 80. As seen in FIG. 4, proximal aperture 66 is lo- 
cated in the proximal end of housing 60 for receiving 
a gasket ring 68. Gasket ring 68 is mounted about the 

10 aperture 66 and is retained by the retaining member 
69. 

Cavity 75 within housing 60 contains tubular pas- 
sageway 77 which extends from proximal aperture 66 
into the cavity 75 in a distal direction along the long- 

15 itudinal axis of the trocar cannula 50. Cavity 75 is in 
communication with tube 80. The distal end 79 of tub- 
ular passageway 77 is angulated. A sealing ring 81 
mounted to distal end 79 of tubular passageway 77 
forms a valve seat which contacts the face 105 of 

20 flapper valve 100. Rapper valve 100 is pivotally 
mounted on pin 102 and biased rearward against 
sealing ring 81 by spring member 107 in order to pro- 
vide a gas-tight seat One end of spring member 107 
is mounted in the interior distal wall of housing 60 at 

25 109. Pin 102 extends through the top of housing 60. 
Pivotally mounted lever 115, which is mounted to the 
top of pin 102, indicates the position of flapper valve 
100 between a closed position and a fully open posi- 
tion. The proximal end of housing 60 has external 

30 proximal cavity 1 20 in which gasket ring 68 and retain- 
ing member 69 are mounted. Proximal aperture 66 is 
surrounded by cavity 120. Tabs 125 project inwardly 
from opposite side walls of the housing 60 surround- 
ing cavity 120. Cavities 127 are disposed distal to the 

35 tabs 1 25 in the walls of housing 60. Tabs 125 and cav- 
ities 127 form part obturator 20 and the trocar cannu- 
la 50 to form the trocar 1 0. 

As can be seen in FIG. 1, FIG. 2, and FIG. 3, 
frame 60 of trocar cannula handle 55 projects out- 

40 wardly on both side toward the distal end of frame 60 
to form finger grips 135. Between finger grips 135, 
tubular section 140 extends upwardly from the top of 
frame 60 to form a channel in communication with 
cavity 75. Valve 145 is mounted to tubular section 

45 140. Valve 145 may be any type of conventional 
valve, although it is preferred to use a plug valve. 
Valve 145 may be used, for example, as a means to 
insufflate and desufflate. 

Referring to FIG. 1 and FIG. 2, trocar obturator 20 

so is seen to have an elongate shaft 22 having a sharp- 
ened distal piercing point 24. The proximal end 26 of 
shaft 22 is mounted in cavity 28 contained in the in- 
terior, proximal wall of trocar obturator handle 30. Tro- 
car obturator handle 30 is hollow, containing interior 

55 cavity 31. 

Optional safety shield 32 is sJideably mounted on 
shaft 22 and has tube member 33 concentrically dis- 
posed about shaft 22. Safety shield 32 also has end 



4 



flange 34 mounted to the proximal end of tube mem- 
ber 33. The proximal end of safety shield 32 is slide- 
ably mounted and contained within cavity 31 of han- 
dle 30. 

A coil spring 35 is concentrically mounted to the s 
proximal end of shaft 22 and abuts on one end against 
the interior proximal wall of handle 30 and on the 
other end against flange 34. Coil spring 35 provides 
a distal safety shield 32 so that safety shield 32 is 
moveable between a fully extended position, wherein 10 
the piercing point 24 of obturator 20 is covered, and 
a fully retracted position, wherein piercing point 24 is 
exposed. In the fully extended position, end flange 34 
abuts the interior, distal wall of handle 30. Levers 38 
are pivotally mounted in handle 30. The levers 38 15 
have grips 39 extending outwardly through slots 40 in 
the side walls of handle 30 and tab members 41 ex- 
tending distally through slots 42 in the distal wall of 
handle 30. Levers 38 are biased outwardly by leaf 
spring 37. Slot 45 extending though the top of the 20 
handle 30 exposes position indicator member 46 ex- 
tending upwardly into slot 45 from the top of flange 34 
to which the bottom end of member 46 is mounted. 

In a particularly preferred embodiment, safety 
shield 32 will have a bullet shaped nose 1 9 at the dis- 25 
tal end. Although not shown in the drawings, the tro- 
car handle 30 may contain an optional conventional 
locking mechanism or equivalent thereof which caus- 
es the optional safety shield 32 to lock in the extend- 
ed position (covering the piercing point 24) after the 30 
trocar 10 has been inserted into a body cavity or re- 
moved therefrom. 

The trocar 10 is assembled for use by inserting 
the distal end of obturator 20(e.g., the bullet nose 19) 
into aperture 66 of housing 60 through gasket ring 68. 35 
Gasket ring 68 is sized to sealingly engage safety 
shield 32( and various endoscopic instruments) by 
displacing radially outwardly and axially. As the bullet 
shaped nose 19 of the safety shield 32 contacts the 
proximal face 1 05 of flapper valve 1 00, it causes flap- 40 
per valve 1 00 to pivot distally about pin 1 02 to an open 
position, as seen in FIG through the cavity 75,into and 
through the aperture 62 and into trocar cannula tube 
80. A sufficient axial force applied in a distal manner 
against the handle 30 of trocar obturator 20 causes 45 
the tab members 41 to be displaced inwardly by tabs 
125. As the trocar obturator is moved further axially 
within the trocar cannula 50, tab members 41 are dis- 
placed by the outward bias of spring 37 into cavities 
1 27 contained in the side walls of housing 60 in cavity so 
1 20, thereby locking the trocar obturator 20 within the 
trocar cannula 50. 

The trocar 10 operates in the following manner. 
Bullet nose 19 of safety shield 32 is placed into con- 
tact with the exterior skin of a mammal such that the 55 
longitudinal axis of trocar 10 is substantially perpen- 
dicular to the surface of the skin, although the axis 
can be angulated at acute or obtuse angles with re- 



spect to the skin surface. A forward or distal force is 
applied against the trocar handle 30 causing the safe- 
ty shield 32 to displace proximally against coil spring 
35 thereby exposing piercing point 24. 

Piercing point 24, along with safety shield 32 and 
cannula tube 80 are pushed through the exterior skin 
and underlying fat, muscle and fascia into the under- 
lying body cavity. Once the piercing tip 24 and bullet 
nose 33 enter the body cavity, the biasing force ap- 
plied by compressed spring 35 causes the safety 
shield 32 to slide distally to an extended position, 
thereby covering piercing point 24. 

Trocar obturator 20 is removed from trocar can- 
nula 50 by pivotally displacing the tab grips 39 in ob- 
turator handle 30 inwardly, thereby releasing tab 
members 41 from is applied to the handle 30 of trocar 
obturator causing the obturator to slide out of the tro- 
car cannula 50. As the bullet nose 19 enters tubular 
passageway 77, the face 105 of flapper valve 100 is 
displaced against sealing ring 81 by spring 107 and 
seated, thereby sealing off the tubular passage 77 
and producing a gas-tight seal. 

Another embodiment of a trocar of the present in- 
vention is seen in FIG. 8 and FIG. 9. The trocar 300 
of the present invention as seen in FIG. 8 and FIG. 9 
is typically a trocar having a larger inner diameter tro- 
car cannula(about 18mm to about 33mm or larger) 
than the trocar cannula of a trocar having a cutting 
piercing tip(about 11mm-12mm). As can be seen in 
FIG. 8 and FIG. 9, the trocar 300 has a trocar obtur- 
ator 310 and a trocar cannula 400. 

The trocar obturator 310 has a handle 31 5 and an 
obturator 340 which is mounted to the handle 315 by 
obturator mounting head 350. The trocar obturator 
handle 315 has rear aperture 325 in which seal 327 
is mounted. Aperture 325 is in communication with 
the passage 344 running through trocar obturator 
310. The obturator 340 is an elongated tube having a 
screw-threaded distal end 342. Obturator 340 is 
mounted at its proximal end to tubular obturator 
mounting head 350. Obturator 340 is mounted and 
engaged by the tubular mounting head 350 through 
the slots 348 contained in the proximal end of obtur- 
ator 340 and through tabs 352 contained on the distal 
end of mounting head 350. Tabs 352 are lockingly en- 
gaged by slots 348. The proximal end of mounting 
head 350 is affixed to the proximal wall of handle 31 5 
and is in communication with aperture 325. The 
mounting head 350 is either side of the handle 315. 
Tab actuating buttons 330 are connected to either end 
of the beam 360 in a living hinge-type arrangement. 
Tab members 332 are seen to extend distally from 
each tab button 330. Actuation of the tab buttons 330 
will allow the obturator 310 to be removed from the 
trocar cannula 400 by causing the tab members 332 
to be rotated inwardly. 

Once again, referring to FIG. 8 and FIG. 9, it can 
been seen that the trocar cannula 400 has elongate 
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trocar cannula tube 420 which is mounted in trocar 
handle 440. Cannula 400 has a passage 401 there- 
through. Trocar cannula tube 420 has distal opening 
425 and proximal opening 430. The handle 440 has 
distal aperture 450 for receiving the proximal end of s 
cannula tube 420. The distal end of trocar cannula 
tube 420 is mounted in the distal end of handle 440 
through aperture 450. The trocar cannula handle 440 
has proximal aperture 480 in which sealing ring 482 
is mounted. Cavity 475 within handle 440 contains 10 
tubular passageway 477 which extends from the 
proximal aperture 480 into the cavity 475 in a distal 
direction along the longitudinal axis of the trocar can- 
nula 400. Distal end 479 of tubular passageway 477 
is angulated. A sealing ring 481 mounted to the distal 15 
end 479 forms a valve seat which contact the face 
505 of flapper valve 500. Flapper valve 500 is pivo- 
tally mounted on pin 502 and biased rearward by 
spring member 507. Lever 51 5, mounted to the top of 
pin 502, indicates the position of the flapper valve 20 
500, and is primarily used to manipulate the flapper 
valve. It can be seen in FIG. 8 that the flapper valve 
500 is in the open position by looking through the tro- 
car cannula handle 440. The proximal end of the tro- 
car cannula handle 440 contains obturator 310. Fin- 25 
ger grips 460 extend from either side of the cannula 
handle 440. The interior of the trocar handle 400 is 
visible through the trocar cannula. 

The trocar obturator 310 and trocar cannula 400 
are assembled to form trocar 300 , and disassem- 30 
bled, in a manner similar to that previously described 
for trocar 10. 

As can been seen in FIG. 8, the trocar 300 con- 
tains a passage therethrough for receiving exchange 
rod 600. Exchange rod 600 is an elongate rod having 35 
blunted distal end 610 and proximal end 620. 

In order to use the trocar 300 of the present in- 
vention, the following procedure is typically followed. 
Initially, a trocar having a piercing tip, such as the tro- 
car 10 of the present invention is inserted into a body 40 
cavity. Then, the trocar obturator 20 is removed leav- 
ing the trocar cannula 50 positioned in the body cav- 
ity. Next, the distal end 61 0 of exchange rod 600 is in- 
serted into and through the trocar cannula 50. Next, 
the trocar cannula 50 is removed from the body cav- 45 
ity, and slid off of the exchange rod 600 while the ex- 
change rod 600 remains inserted into the body cavity. 
At this point, the distal end 610 of exchange rod 600 
is protruding through the trocar incision into the body 
cavity, while the proximal end 620 is exterior to the so 
body cavity. Next, the distal end of the trocar 300 is 
placed over the proximal end 620 of the exchange rod 
600 and is slid down along the exchange rod unto the 
distal tip 342 of the obturator 310 makes contact with 
the skin surrounding the body cavity. Next, the trocar 55 
300 is screwed into and through the musculature, fas- 
cia and underlying tissue surrounding the in a posi- 
tion proximal to the target surgical site. Then, the tabs 



330 on the trocar obturator handle 315 are displaced 
inwardly and a proximal backward force is placed 
upon the trocar handle 315 while grasping the ex- 
change rod 600 such that the tabs 332 are disengag- 
ed from the cavities 490, and the trocar 310 and the 
exchange rod 600 are removed, simultaneously, from 
the body cavity and from the trocar cannula 400. As 
the obturator tube 340 and the exchange rod 600 exit 
cannula handle 440, flapper valve 500 is seated 
against seal ring 489. This provides a trocar cannula 
400 having a larger pathway to and from the body 
cavity than the initial trocar cannula 50. 

Referring to FIG. 7, a trocar cannula 50 of the 
present invention is seen inserted through a body wall 
230 adjacent to a body cavity 160 of a mammal. The 
handle 55 of trocar cannula 50 is positioned exterior 
to the body wall 230. The interior of the handle 55 is 
visible though the handle 55. The distal end 166 of an 
endoscopic surgical instrument 165 (such as an en- 
doscope) is visible through the trocar handle 55 and 
is observed as it is maneuvered through flapper valve 
100, through the cavity 75 and toward the proximal 
end 90 of trocar cannula tube 80 through aperture 62. 
The position of flapper valve 100 is visible through the 
handle 55. It will be noted that for the purpose of il- 
lustration, valve 145 is not shown but tubular section 
140 is seen. Typically valve 145 is required. 

A trocar cannula 50 of the present invention , as 
seen in FIG. 5, is shown inserted through a mammal- 
ian body wall 230 into a body cavity 160. An endo- 
scopic needle grasper 170, an endoscopic needle 
1 75 and a suture 1 80 are interior of the trocar cannula 
50 is visible through the cannula walls. The position 
of flapper valve 100 is also visible through the can- 
nula. 

Referring to FIG. 6, two trocar cannulas 50 of the 
present invention are seen positioned though a body 
wall 230 and into a mammalian body cavity 160. The 
first trocar cannula 50 is seen inserted into the body 
cavity 230 through which an endoscope 240 has 
been inserted. The position of flapper valve 100 is 
visible through the handle 55, and, the endoscope 
240 is visible through handle 55 and through tube 80. 
The endoscope may be configured to output to a vid- 
eo monitor. An endoscopic needle grasper 1 70, an en- 
doscopic needle 175 and a suture 180 are seen in- 
serted in the second trocar cannula 50. The grasper 
170 and suture 190 are visible directly through the 
handle 55. The end of the grasper 170, the needle 
1 80 and suture 190 are seen through the trocar can- 
nula tube 80 via the endoscope 240. 

Trocars are conventionally used to provide ac- 
cess to a surgical site in a patient's body cavity. The 
trocar is typically inserted by pressing the distal end 
of the trocar against the outer skin of the patient The 
insertion site is selected by the surgeon to provide op- 
timal access to the target surgical site within the body 
cavity. Sufficient force is applied to the trocar handle 
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in a direction along the longitudinal axis of the trocar 
so that the piercing tip of the trocar obturator effec- 
tively penetrates the patient's skin, underlying fat tis- 
sue, muscle and fascia. Although, larger diameter tro- 
cars such as trocar 300 are inserted as previously de- 5 
scribed. The distal end of the trocar is then located by 
target surgical site. Then the trocar obturator is re- 
moved through the proximal end of the trocar cannula 
by applying a rearward force to the trocar handle. The 
trocar cannula is then used as a passageway to and to 
from the patient's body cavity. 

Referring to FIG 5., FIG. 6, FIG. 7, and FIG.8, it 
can be seen that when using the trocar cannulas of 
the present invention having an interior visible 
through the cannula, the surgeon may observe the is 
passage of surgical instruments, staples, needles, 
sutures, electrodes, tissue and tissue samples, phar- 
maceuticals, and any and all other medical devices or 
drug delivery systems into, through and out of the tro- 
car cannula. As seen in FIGS. 5-8, for example, the 20 
surgeon may observe the interior of the trocar cannu- 
la 50 directly through the portion of the trocar cannula 
50 located exterior to the patient, typically the trocar 
cannula handle 55 , or indirectly, using an endoscope 
240, through the trocar cannula tube 80 located with- 25 
in the body cavity 160. The surgeon may also ob- 
serve the trocar obturator 20 of the trocar 1 0 of the 
present invention during insertion. The trocars 10 of 
the present invention are easier to see with an endo- 
scope 240 compared to conventional trocars, thereby 30 
facilitating insertion and positioning within the body 
cavity 160. This improved visibility assists in prevent- 
ing damage to, or displacement of, internal organs 
which may be caused by the insertion of the trocar. 
The trocar cannulas 50 of the present invention may 35 
be used for insufflation and desufflation by manipu- 
lating the flapper valve 100 or the insufflation valve 
145. The position of the flapper valve 100 and its con- 
dition, as well as the seal ring 81, are visible through 
the trocar cannula handle 55. The position of flapper 40 
valve 500 is similarly visible through the handle 440. 

The endoscopic surgical method of the present 
invention uses the trocars of the present invention, 
such as trocar 1 0 and trocar 300 , having trocar can- 
nulas with an interior visible through the trocar can- 45 
nula, such as trocar cannulas 50 and 400 of the pres- 
ent invention. The surgical method initially involves 
the preparation of the patient and insertion of a trocar 
of the present invention, e.g., trocar 10, into a body 
cavity of the patient, using conventional endoscopic so 
surgical techniques. Endoscopic surgical techniques 
are disclosed in the Textbook Of Laparoscopy, Jaro- 
slav F. Hulka, M.D., Grune and Stratton, Inc., New 
York (1 985), and in - Laparoscopy For Surgeons, Bar- 
ry A Salky, M.D., IGAKU-SHOIN Medical Publishers, 55 
New York(1990), which are incorporated by refer- 
ence. The trocar obturator 20 is then removed and the 
trocar cannula 50 is available as a passageway to and 



from the body cavity 160, as seen in FIG. 5, FIG. 6 
and FIG 7. When using a trocar cannula of the present 
invention such as trocar cannula 50 , it can be seen 
that the trocar cannula handle 55 is typically disposed 
exterior to the body wall 230 while the distal end 85 
of the cannula tube 80 is within the body cavity 160. 
Various conventional endoscopic surgical instru- 
ments, surgical staplers, sutures, needles, pharma- 
ceuticals, tissue, tissue samples, drug delivery devic- 
es, electrosurgical devices, electrodes, etc., are in- 
serted through the trocar cannula 50 and maneuv- 
ered to the target surgical site where conventional en- 
doscopic surgical techniques are utilized. 

In the endoscopic surgical methods of the pres- 
ent invention, the surgeon visually observes the 
passing and maneuvering of the previously men- 
tioned devices, tissue and the like into, through and 
out of the trocar cannulas of the present invention, for 
example trocar cannula 50, having a visible interior 
during at least part of the procedure. This is done by 
direct observation through the portion of the trocar 
cannula 50 which is exterior to the patient, typically 
the trocar cannula handle 55, and through indirect ob- 
servation via an endoscope through the trocar can- 
nula tube 80 which is inside of the patient's body cav- 
ity 160. 

The visual input available to the surgeon when 
using the surgical method of the present invention al- 
lows the surgeon to maneuver more readily through 
the trocar cannula 50. The surgeon is also able to vis- 
ually monitor the position of the flapper valve 100 to 
determine whether the flapper valve 100 is properly 
seated. In addition, the trocar cannula 50 and the 
flapper valve 100 may be monitored for objects which 
may become lodged within the trocar cannula handle 
55, the cannula tube 80, or about the flapper valve 
100 such as staples, needles, tissue, etc. The sur- 
geon can also take immediate action to clear such ob- 
jects by inserting a suitable grasping instrument into 
the trocar cannula 50, maneuvering the instrument to 
the site of the object, then grasping the object and re- 
moving it from the trocar cannula 50 passage. When 
the surgical procedure is completed at the target sur- 
gical site, all instruments, needles, excess staples, 
excess suture, free tissue and the like are removed 
through the trocar cannula while the surgeon ob- 
serves the interior of the trocar cannula 50 during at 
least part of the insertion site is closed using conven- 
tional techniques such as suturing, surgical stapling, 
dressing the incision with tape or combinations there- 
of. Although this discussion of surgical procedures re- 
ferred to trocar 10 and trocar cannula 50, it is equally 
applicable to all trocars of the present invention in- 
cluding trocar cannula 400 and trocar 300. 

Various types of endoscopic surgical techniques 
can be performed using the trocars of the present in- 
vention in the thoracic and abdominal cavities. The 
surgical techniques include conventional endoscopic 



7 



procedures such as cholesystectomy, appendect- 
omy, vagatomy, hysterectomy, wedge resection of 
the lung, anastomosis, and herniagraphy and the 
like. The surgical method of the present invention Is, 
however, applicable to all endoscopic surgical proce- 5 
dures. 

The trocar cannulas of the present invention may 
be constructed using conventional manufacturing 
techniques from any conventional, medical grade ma- 
terial which allows the interior of trocar cannula to be 10 
visible through the trocar cannula. Transparent, plas- 
tic materials such as polycarbonate, acrylates, ur- 
ethanes, polyvinylchlorides, and copolymers thereof 
as well as clear composite resins or co-extruded resin 
systems systems and the like are typically used. 15 
Transparent is defined to mean the ability to pass 
light through a material so that it is possible to see 
through the material. 

It is particularly preferred to use transparent poly- 
carbonate material. Other transparent materials such 20 
as glass may be used if one were willing to accept any 
if so desired, be colored with sufficient amounts of 
conventional dyes and pigments, including radio-opa- 
que, effective to color the the transparent material, 
while retaining its transparency. It is contemplated 25 
that the trocar cannulas of the present invention are 
preferably constructed entirely of transparent materi- 
al. However, the cannulas may also be constructed 
using conventional manufacturing techniques partly 
of conventional opaque materials and partly with a 30 
sufficient amount of transparent materials effective to 
allow the interior of the trocar cannula to be visible 
when viewed from certain perspectives from the ex- 
terior of the cannula. For example, along the longitu- 
dinal axis of the trocar cannula 50, half of the cannula 35 
could be transparent, and the other half opaque. Ad- 
ditionally, transparent windows having various 
shapes can be located in the trocar cannula tube 80 
and trocar cannula handle 55. 

If one skilled in the art were willing to accept 40 
whatever disadvantages might be present, the trocar 
cannulas of the present invention ,e.g., trocar cannu- 
la 50,can be constructed with either the trocar can- 
nula handle 55 or trocar cannula tube 80 having a visi- 
ble interior, while the other piece is constructed from 45 
an opaque material. 

The thickness of the walls of the trocar cannulas 
of the present invention will be sufficiently thick to ef- 
fectively provide the required mechanical strength, 
yet allow the interior of the trocar to be visible through so 
the trocar cannula. The wall thicknesses will depend 
upon the diameter of the trocar cannula tube and its 
length as well as the size of the cannula handle. 
Mechanical strength is conventionally required for ef- 
fective functioning of a trocar including bending 55 
strength, resistance to buckling, shear strength, max- 
imum allowable deflection under maximum load, 
thermal expansion and contraction, shell strength, 



pressure rating, safety factors and the like. 

The following examples are illustrative of the prin- 
ciples and practice of the present invention. 

EXAMPLE 1 

A pig of conventional size and weight was pre- 
pared for surgery using conventional techniques in- 
cluding depilation of the epidermis in the region of ex- 
pected incision, scrubbing and rinsing with conven- 
tional fluids, and application of a conventional iodine 
solution. The animal was placed in a recombant pos- 
ition on a conventional operating table and covered 
with a sterile drape. The animal was anesthetized 
with a sufficient dose of a conventional anesthetic ef- 
fective to induce an anesthetized state. 

The animal was cannulated with an endotracheal 
tube and connected to a conventional anesthesia ma- 
chine and ventilated as required. The abdominal cav- 
ity of the animal was insufflated in a conventional 
manner with carbon dioxide and several conventional 
trocars were inserted into the abdominal cavity; and, 
the obturators were removed so that the trocar can- 
nulas remained in the abdominal cavity. An endo- 
scope was inserted through one of the trocar cannu- 
las. The endoscope was connected to a video moni- 
tor. Then an exchange rod 600 was inserted into one 
of the conventional trocar cannulas and the trocar 
cannula was removed leaving the distal end 610 of 
the of the present invention was placed over the ex- 
change rod 600 and positioned within the body cavity 
by screwing the trocar obturator end 342 through the 
body wall and into the body cavity where the cannula 
tube 420 was positioned proximal to the target surgi- 
cal site. The exchange rod 600 and trocar obturator 
310 were then simultaneously removed and the 18 
mm trocar cannula 400 was used as a pathway to the 
body cavity. 

A colectomy was performed. Various instruments 
were inserted through the 18 mm trocar cannula 400 
including an 18 mm staple/cutter apparatus, and 5 
mm and 10 mm graspers. The interior of the 18 mm 
trocar cannula 400 was observed during the proce- 
dure as instruments were inserted through and re- 
moved from the trocar cannula 400. The interior of the 
trocar cannula tube 420 was observed using the en- 
doscope while the interior of the trocar cannula han- 
dle 440 was observed directly by the surgeon. 

The 18 mm trocar cannula 400 used was the tro- 
car cannula of the present invention. The trocar can- 
nula tube 420 and trocar cannula handle 440 were 
constructed of clear, transparent polycarbonate so 
that the interior of t he trocar cannula tube 480 and the 
interior of the trocar handle 440 were visible through 
the trocar cannula. The trocar cannula 400 had suffi- 
cient wall thicknesses to effectively provide required 
mechanical strength while retaining transparency. 
The flap valve 500 was visible when instruments were 
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inserted into and removed from the trocar cannula 
400. Similarly, the interior of the trocar cannula tube 
420 and part of the interior of the patient with surgical 
instruments inserted into the trocar cannula were visi- 
ble through the trocar cannula tube by endoscope 
during the surgical procedure. 

EXAMPLE 2 

A human patient is prepared for surgery using 
conventional preparatory techniques and is effective- 
ly anesthetized using a sufficient dose of a conven- 
tional anesthetic. The patient is connected to conven- 
tional anesthesiology equipment, and as needed, 
ventilation equipment After using conventional endo- 
scopic preparatory procedures, including insufflation 
and insertion of an endoscope, a trocar 1 0 of the pres- 
ent invention is inserted into the abdominal cavity of 
the patient by pressing the distal end of the trocar 10 
onto the exterior skin of the patient in the proximity of 
the target surgical site. Sufficient force is exerted by 
the surgeon on the trocar handle 30 effective to cause 
the piercing tip 24 of the trocar obturator 20 to pierce 
through the patient's skin and underlying fat, muscle 
tissue, and fascia thereby bringing the end of the tro- 
car into a position in the body cavity 160 which is in 
the proximity of the target surgical site. The surgeon 
is able to easily observe the distal end of the trocar 
1 0 as it enters the body cavity 1 60 via an endoscope 
240 , allowing the surgeon to more precisely position 
the trocar 10 and avoid damage to internal organs. 
The trocar obturator 20 is then removed from the tro- 
car cannula 50. An incision is made in the target site 
using a conventional endoscopic instrument and a 
piece of tissue is removed by grasping the tissue with 
a grasper and extracting the tissue through the trocar 
cannula 50. The surgeon observes on the endoscope 
video monitor the tissue as it enters into and is man- 
euvered through the trocar cannula tube 80. The sur- 
geon visually observes, directly, the tissue as it is 
guided through the trocar cannula handle 55, through 
the flapper valve 100, and out of the surgical proce- 
dure, the surgeon observes the flapper valve 100 in 
the trocar handle to check that the valve 100 is prop- 
erly seated. 

The surgeon then inserts an endoscopic surgical 
needle and suture, using an endoscopic suture grasp- 
er, through the trocar cannula 50. The surgeon is able 
to guide the suture grasper, needle and suture 
through and around the cannula handle 55 and flap- 
per valve 100 and into cannula tube 80 by direct ob- 
servation of the interior of cannula 50. The surgeon 
sutures the incision at the target surgical site, using 
conventional endoscopic surgical techniques, and re- 
moves the surgical needle and excess suture through 
the trocar cannula. The surgeon visually observes 
the needle and suture as it passes through the trocar 
cannula handle 55 during insertion and removal, and 



visually guides the needle and suture around the flap- 
per valve 100 and into and out of the trocar cannula 
tube 80. 

Using the endoscope, the surgeon observes the 

5 needleandsuturepassingthroughthetrocarcannula 
tube 80 during insertion and removal. 

Next the trocar cannula 50 is removed and the 
trocar insertion site is closed by conventional taping, 
suturing, and/or stapling techniques. During theoper- 

w ation the surgeon is able to observe visually, either 
directly or via the endoscope, the interior of the trocar 
cannula tube 80 and the interior trocar cannula han- 
dle 55. Additionally, the surgeon is able to visually ob- 
serve the flapper valve 100 during the operation to 

is assure that it is properly seated. 

There are many advantages associated with the 
trocars of the present invention having a trocar can- 
nula which allows the interior of the trocar cannula to 
be seen from an external observation point through 

20 the walls of the trocar cannula. For the first time, the 
insertion of endoscopic instruments, sutures, staples, 
drug delivery devices, pharmaceuticals, etc. through 
a trocar cannula and the extraction of the endoscopic 
instruments, sutures, staples, tissue specimens, etc., 

25 out through a trocar cannula can now be seen by the 
surgeon by observing the interior of the trocar cannu- 
la through the trocar cannula. In contrast, convention- 
al trocar cannulas are constructed from opaque ma- 
terials and therefore do not allow the interior of the 

30 trocar cannula to be observed through the trocar can- 
nula. 

Frequently, during the course of an endoscopic 
procedure, it is necessary for the surgeon to remove 
staples, needles, etc., from the patient 1 s body cavity. 

35 It is not unusual for staples, needles, etc., to become 
accidently lodged by the surgeon in the trocar cannu- 
la. In the conventional trocar cannula, the surgeon 
has no way of seeing that the needle or staple is 
lodged in the trocar cannula. The surgeon must then 

40 look for the missing needle or staple, assuming it was 
lost inside the patient, thereby perhaps needlessly 
prolonging the operation and exposing the patient to 
needless risk. The trocar cannulas of the present in- 
vention allow the surgeon to have a virtually unre- 

45 stricted view of the interior of the trocar cannula 
through the trocar cannula. A staple or needle which 
is lodged in the trocar cannula tube of the present in- 
vention would be immediately observed by the sur- 
geon on the endoscope monitor. Similarly, a needle 

so or could be seen directly by the surgeon. In either 
case, the surgeon can, based upon this additional vis- 
ual input, take immediate action to remove the lodged 
object, thereby eliminating both an unnecessary 
search for the object and the associated risk to the 

55 patient. 

Another advantage of the trocar cannulas of the 
present invention, e.g., the trocar cannula 50, is the 
visibility of the flapper valve 100 in the trocar cannula 
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handle 55. The flapper valve 100 functions such that 
it displaces (by pivoting) in order to allow the insertion 
of endoscopic instruments. When an instrument is 
withdrawn, the flapper valve 100 doses and provides 
a gas tight seal. A slight displacement of the flapper 5 
valve 100 from a fully seated position wOl result in a 
gas leak. This displacement may be caused by a nee- 
dle, a staple or tissue, etc., becoming lodged between 
the flapper valve 100 and the flapper valve seat 
formed by seal ring 81. Although conventional trocar 10 
cannulas have flapper valve position indicators, the 
indicators are typically not sensitive enough to alert 
the surgeon to a slight displacement The problem 
can be remediated if the surgeon is able to detect it 
Conventional trocars which experience leakage must 1 s 
be removed and replaced if the leak cannot be stop- 
ped. This prolongs the operation and exposes the pa- 
tient to additional risk. The trocars, trocar cannulas 
and methods of the present invention eliminate this 
problem by allowing the surgeon to observe and in- 20 
spect the flapper valve while the cannula remains in- 
serted in the body cavity. This visual input, regarding 
the condition of the interior of the trocar cannula, al- 
lows the surgeon to perform immediate action to dis- 
lodgeanobjectfromtheflappervalveortrocarhandle 25 
and to the operative procedure is reduced since a new 
cannula does not have to be introduced into the pa- 
tient and the associated risk to the patient is elimin- 
ated. 

Yet another advantage of the trocars, trocar can- 30 
nulas and methods of the present invention is that tis- 
sue specimens may be easily maneuvered through 
the trocar cannulas. As mentioned previously, when 
using conventional opaque trocars, the surgeon has 
novisual input from the time the tissue enters the dis- 35 
tal end of the trocar cannula tube until the tissue spe- 
cimen is maneuvered past the flapper valve and 
through and out of the distal end of the trocar cannula 
handle. Tissue samples may become damaged orlost 
in a conventional trocar cannula. In addition, lost tds- 40 
sue may fall back through the trocar into the body 
cavity. For example, the samples may become 
lodged in the flapper valve. The trocar cannulas and 
methods of the present invention help to overcome 
these problems by allowing the surgeon to easQy 45 
maneuver tissue samples through the trocar cannu- 
las. The surgeon, when using, for example, the meth- 
ods, trocar 1 0 and trocar cannula 50 of the present in- 
vention, can observe a tissue sample from the mo- 
ment that the tissue sample enters the distal end 85 so 
of the cannula 50 up to the moment that the tissue 
sample is maneuvered out of the proximal end of the 
cannula handle 55. This enhanced maneuverability 
eliminates or minimizes the possibility of damage to 
tissue as it is extracted through a trocar cannula. Tis- 55 
sue which is damaged may be unusable, requiring the 
surgeon to again perform a tissue extraction, once 
again needlessly prolonging the operative procedure 



and exposing the patient to additional risk. The use of 
the trocar cannulas and methods of the present ex- 
tracted tissue. Often, the loss or damage of a tissue 
specimen can be critical and even life threatening, for 
example, in the extraction of a potentially cancerous 
tissue specimen. 

There are yet additional advantages associated 
with the trocar cannulas and methods of the present 
invention. It is common to use electrosurgica! devices 
to perform endoscopic surgical techniques such as 
electro-cutting and coagulating tools. If these tools 
have faulty insulation, grounding, resulting in a visible 
electrical arc or discharge, occurs upon insertion of 
the electrosurgica] device into the patient Arcing of 
electrosurgical tools resulting from improper insula- 
tion is potentially life threatening. In a conventional 
trocar cannula, the arc would not be visible until after 
the electrosurgical tool exits the distal end of the tro- 
car cannula tube, and, the opaque cannula tube may 
screen the surgeon's view of any arcing exterior to the 
cannula tube. When utilizing the trocar cannula and 
method of the present invention, an electrical arc can 
be observed immediately upon insertion into the tro- 
car cannula. In addition, after insertion arcing can be 
seen through the trocar cannula. The surgeon can 
then withdraw the faulty device prior to the com- 
mencement of any electrosurgical procedures. This 
minimizes the patient's exposure to any faulty, elec- 
trosurgical equipment, thereby further reducing an 
extremely dangerous risk to the patient 

Frequently, delicate, fragile laparoscopic instru- 
ments must be inserted through and removed from a 
trocar cannula. Examples of such instruments include 
graspers, dissectors, needle holders, suture loop 
guides, stapling instruments, endoscopic cameras 
and other such instruments. It is possible for such in- 
struments to be damaged during insertion into, and 
removal from, a conventional trocar cannula. As men- 
tioned previously, the insertion and removal of instru- 
ments through and from the conventional trocar can- 
nula is the single phase of an endoscopic procedure 
during which the surgeon has no visual input, yet this 
phase can be quite critical. The instruments must be 
guided through the conventional trocar cannula by 
feel. Referring to FIG. 7, one skilled in the art will ap- 
preciate that an instrument must be carefully man- 
euvered through and/or about the flapper valve 100, 
the insufflation valve channel 140, in the handle 
housing 60 and the proximal aperture 90 of cannula 
tube 80. As the instrument 165 is maneuvered though 
the flapper valve 100, it is possible, for example, for 
the distal end 1 66 of the instrument to strike the distal 
end of the interior of the cannula handle housing 60 
on either side of the proximal opening 90 of the can- 
nula tube 80, which may result in damage to the in- 
strument if the surgeon attempts to force the instru- 
ment through to the cannula tube 80. The trocars, tro- 
car cannulas, and methods of the present invention 
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allow the surgeon to maintain visual contact, either di- 
rectly or via endoscope, with an instrument through- 
out its entire passage through a trocar cannula. Such 
continuous visual contact substantially reduces the 
risk of damaging instruments, thereby improving the 
ability of the surgeon to perform the endoscopic sur- 
gical procedure. In addition, there is a reduced pos- 
sibility of the instrumentation damaging the trocar 
cannula, for example the flapper valve, since the sur- 
geon can visually observe passage through the tro- 
car. 

Yet another advantage of the trocar cannulas and 
methods of the present invention is that the trocar in- 
sertion and removal is, surprisingly and unexpected- 
ly, facilitated. Light from an endoscope within the 
body cavity readily illuminates the trocar cannula tube 
of the present invention, i.e., the trocar cannula may 
have light conducting properties. This allows easier 
insertion and replacement in comparison to conven- 
tional trocars having opaque cannula tubes. This im- 
proved visibility decreases the risk associated with 
inserting and removing trocar cannulas. That risk may 
include the surgeon inadvertently piercing internal or- 
gans and blood vessels 

It can be seen that the trocars , trocar cannulas 
and methods of the present invention have numerous 
advantages over conventional trocars and trocar can- 
nulas as well as methods using such conventional tro- 
cars and trocar cannulas. Avery significant result of 
these advantages is that many deficiencies associat- 
ed with conventional cannulas and methods are elim- 
inated or greatly reduced. 

Although this invention has been shown and de- 
scribed with respect to detailed embodiments thereof, 
it will be understood by those skilled in the art that va- 
rious changes in form and detail thereof may be made 
without departing from the spirit and scope of the 
claimed inventions. 



Claims 

1. A trocar cannula having an interior passage 
therethrough, comprising 

an elongate trocar cannula tube; and, 
a trocar cannula handle for mounting said 
cannula tube, 

wherein the interior passages of said trocar can- 
nula tube and trocar cannula handle are visible 
through the tube and handle. 

2. The trocar cannula of Claim 1 wherein the handle 
additionally comprises valve means for sealing 
off the passage. 

3. The trocar cannula of Claim 2 further comprising 
sealing means mounted about the entrance to 
the cannula handle for sealingly engaging a 



member inserted therethrough. 

4. The trocar cannula of Claim 1, wherein the can- 
nula comprises a transparent material selected 
5 from the group consisting of polycarbonates, ao 

rylates, urethanes, polyvinylchlorides, copoly- 
mers thereof, clear composite resins, and co-ex- 
truded resins. 

10 5. The trocar of Claim 4 wherein the material com- 
prises polycarbonate. 

6. The trocar cannula of Claim 1 wherein the cannu- 
la tube comprises an interior visible through the 

is tube and the handle is opaque. 

7. The trocar cannula of Claim 1 wherein the handle 
comprises an interior visible through the handle 
and the tube is opaque. 

20 

8. The cannula of Claim 1 wherein the cannula walls 
comprise sufficient thickness to effectively pro- 
vide mechanical strength while remaining trans- 
parent. 

25 

9. The cannula of Claim 1 additionally comprising a 
sufficient amount of a pigment or dye effective to 
tint the cannula while allowing the interior of the 
cannula to remain visible through the cannula. 

30 

1 0. A trocar, comprising 

an elongate trocar obturator having a prox- 
imal end and a distal end, said distal end having 
a tip; 

35 an elongate trocar cannula having an inter- 

ior passage therethrough for receiving the trocar 
obturator, said cannula comprising an elongate 
trocarcannula tube and a trocar cannula handle 
for mounting said cannula tube, 

40 wherein the interior of the trocar cannula 

is visible through the trocar cannula. 

11. The trocar of Claim 10 wherein the obturator com- 
prises a sharp piercing tip at its distal end. 

45 

12. The trocar of Claim 11 further comprising 

a protective tube having a distal end and a 
proximal end slideably mounted around the tro- 
car obturator, moveable between an extended 
so position and a retracted position, said protective 

tube being disposed concentrically around said 
obturator; and 

biasing means acting on the proximal end 
of the protective tube to move the tube to the ex- 
55 tended position to cover the piercing tip. 

1 3. The trocar of Claim 1 0 wherein t he trocar cannula 
furt her comprises valve means for sealing off the 
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passage. 



14. Thetiocarof Claim 13whereinthetrocarcannula 
further comprises sealing means mounted about 
the entrance to the cannula handle for sealingly s 
engaging a member inserted therethrough. 
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